Detection and Monitoring of Alazazza Natural Forest Reserve Cover Changes Using Ground Inventory, Remote Sensing and GIS Techniques by Yassain, Faisal Ahmed
Detection and Monitoring of Alazazza Natural Forest Reserve Cover 
Changes Using Ground Inventory, Remote Sensing and GIS Techniques 
 
By: 
 
Faisal Ahmed Yassain Abdallah 
B.Sc, Forestry (2000) 
Faculty of Forestry and Range Sciences – Sudan University of Sciences 
and Technology  
 
A thesis submitted to the University of Khartoum for fulfillment of the 
requirements for M.Sc degree in Forestry Sciences  
 
Faculty of Forestry 
University of Khartoum 
 
 
Supervisor: 
Dr. Elnour Abdalla Elsiddig 
Faculty of Forestry                                                                                     
University of Khartoum  
October, 2010 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭ
 
CHAPTER ONE 
INTRODUCTION 
1.1 General about Sudan 
Sudan is a vast African country with an area of 2.5 million square kilometers 
(about 250.58 million hectares), extending between latitudes 4°N and 23°N 
and longitudes 22°E and 38°E. It is bounded by the Red Sea, Eritrea, 
Ethiopia, Kenya, Uganda, Zaire, Central Africa Republic, Chad, Libya and 
Egypt. It is administratively divided into 117 localities, which are grouped 
into 25 states. 
Sudan is characterized by a wide range of climate conditions, which varies, 
starting from the desert in the northern of Sudan, where it rarely rains (0 – 
75 mm/annum). In the extreme south and south west, the rainy season is nine 
– ten months and the annual rainfall reaches 1500 mm/year. In central Sudan 
the duration of the rainy season is fluctuated and varies with latitude. The 
other tributaries of the Nile and the seasonal water courses are also 
important features that are worth mentioning.   
The Nile Valley is one of the major supporters to the livelihood in Sudan. 
Agriculture, forestry, fishery and range resources provide food, home and 
energy and income sources for a substantial portion of the population living 
in the area extending along the Nile and their tributaries.   
The soil in about 60% of the country, particularly in the northeast, north and 
northwest is predominately sand. Heavy cracking clay soil forms a triangular 
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central easterly plain, which makes up some 30% of the country. Red soils of 
different types are characteristic of the remaining southwestern portion. 
Alazazza natural forest reserve is located on the east bank of the Blue Nile on 
the clay plain, providing services to many stakeholders including residents of 
Damazin, Roseiris and to many of the nomads passing by the forest. 
1.2 Population 
The estimated Sudan’s population in 2004 was about 39.0 million persons, 
63% of them are rural people. The annual growth rate of the population is 
2.6% with the average population density of 43 individual per square mile, 
which increases in the area between White Nile and Blue Nile (Daak, 2007). 
The population had increased, during the previous sixty years, from 10.3 
million in 1956 to 25.6 million in 1993 to 30.3 million in 2002 and to 39.0 
million in 2004. Also the annual growth rate has increased from 1.9% to 
2.75% as one of the highest in the world.  
1.3 forests resources  
The Sudan is divided into five ecological zones based on rainfall and soil 
type as shown in (Table 1.1). The Azazza natural forest reserve falls in the 
low rainfall savanna at an average rainfall of approximately 600 mm/annum.  
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Table 1.1 Vegetation classifications in relation to rainfall        
Area in (ha) Rainfall Vegetation 
9020800(36%)  - 75mm Desert 
50111000(20%) 75 - 300mm Semi-desert 
60139000(24%) 300 - 900mm Low rainfall savannah 
30070000(12%) 
 
900 - 1500mm High rainfall savannah 
20046000(8%) 1500 - 2000mm Flood plains mountain vegetation 
 Source: Harrison and Jackson (1958) cited by FOSA (2001).  
The nominal area of Sudan's forests is large; reported by FRA (2005), as 39-
40% million hectares, but most of this either bush land or savanna vegetation 
with very light forest cover.  
FAO (2002) estimated that about 19% of the total northern part area of the 
country is covered with forests resources. The national forest inventory 
which was done by FNC with the cooperation of FAO in 1995 documented 
that the forest cover was 24.9% of the total area of the Sudan (FAO/FNC, 
1998). The reserved forests are 837 forests distributed all over the country 
constituting 13.5 million hectares (Elsiddig et al. 2007).  
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1.4 The change of forest area in Sudan 
It has been observed that there is an obvious change in the forest cover in the 
Sudan, and many researches have shown the declining forest resources and 
warned from the bad consequences expected (FAO/FNC, 1998).  
There is a need to develop a combination between terrestrial inventory and 
remote sensing, to integrate heterogeneous data sources. During the past 
decades forest cover changed much significantly in the tropical dry land 
more than the other parts in the world (Erika et al., 2005). 
The change in forest cover in the Sudan between 1990 and 2000, showed an 
average decrease of 589,000 ha of forest per year, that is equivalent to an 
average annual deforestation rate of o.77%. In total, between 1990 and 2005, 
the Sudan predict to lost 11.6% of its forest cover or a round 8.84 million ha 
of its primary forest cover during that period (FAO, 2002). 
some changes have occurred in forest area and cover as a result of tree 
cutting and removal as well as land use changes, which resulted in negative 
impacts on ecosystem functioning and patterns over large areas and long 
period of time (Steven and Aber, 2001). Currently it is becoming very 
essential to evaluate the trends of these changes. 
Since 1970s remote sensing and GIS are becoming very popular and handy 
tools for resources monitoring, evaluation, planning and detection of the 
change on forest area (low or large scale) to meet the demands and interests 
of the population on sustainable basis (Erika et al., 2005).  
1.5 Problem statement 
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Natural forest management is considered as a way to increase forest 
productivity and to maintain trees biodiversity. In previous years forest 
management have been concentrating on material production from trees and 
forests in pure stand or in mixture without consideration to other products 
and services. The area of natural forests continued to decline in area, types of 
species and cover.  At the same time fire hazards constituted major problems 
resulting in forest degradation and reduced stocking, such change negatively 
affected the environment.  
Many factors related to man and animals contribute in the forests 
degradation. Among these natural forests Alazazza Natural Forest Reserve 
constitute an example where lack of management, man, animals and fire 
constituted major problem over time. Recent approaches to improve the 
management resulted in some changes that necessitate investigations to 
evaluate the changes and relate them to factors that can be identified.  
Succession of tree cover from bare land or low stock into good cover can be 
detected using remote sensing and ground survey and evaluate the 
compatibility of the two methods.    
1.6 Objectives of the Study 
The objective of the present study is to demonstrate how remotely sensed 
data support sustainable forest management by verifying some ecological 
criteria and indicators for natural management.  
The objectives of this study are: 
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1. To evaluates the application of remote sensing and GIS as tools for 
monitoring of trees cover change and compare these with intensive ground 
survey. 
2. To assess the extent of compatibility between remote sensing technology 
and ground inventory in the study area. 
3. To detect the forest cover and density of trees through the periods from 
1989 to 2007, and to examine the applicability of satellite data for tree 
density assessment. 
4. To assess the impact of forest protection and management on the forest 
cover. 
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Chapter Two 
Literature Review 
2.1 Background 
Sudan has wide range of tropical continental climates with large daily and 
seasonal differences of temperature and rainfall. It is principally 
characterized by a large variation in annual rainfall. The rainfall amounts to 
less than 75 mm in the desert, 75 mm to 300 mm in the semi-desert, 300 mm 
to 600 mm in the low rainfall savanna and 600 – 900 in the high rainfall 
savanna and from 900 mm to 1500 mm in the montane and equatorial zones. 
Generally speaking the landscape is a basin-like plain having elevations 
between 300 to 900 meters above sea level. There are a group of hills and 
mountains range in the south, the Imatong Mountains, rising to over 1500 m, 
Jebel Mara Mountain (3090m) in Darfur and Red Sea hills (over 2000m) 
near the coast. Almost the entire drainage of the country is from south to 
north through the Blue and White Niles. These supply water for an 
expanding irrigated agricultural complex and are also the main transport 
arteries from the forests of the south to the consuming centers of the north 
(sourceUNEP, United Nation Environmental Programme). 
Conservation of forest resources in Sudan at national level is complex due to 
the size of the country, species diversity, large variation in climatic 
conditions and institutional awareness of needs and priorities .Few activities 
are directed for saving resources for present and future use. Silvicultural 
practices, management, policies laws are targeted for use and conservation 
of the forestry resources. 
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The forestry sector in the Sudan produces 12% of the gross domestic product 
(Elsiddig et al. 2007). In addition, forests and trees provide significant 
benefits in the form of wood energy, fodder and grazing opportunities out 
side the market economy, and by protecting soil and water resources. The 
most important forest products are fire wood and charcoal. As in many other 
countries, forest products in the Sudan are, to a great extent, derived from 
land that is normally not classified as local-level forest management 
planning and forest policy development (Elsiddig et al.2007). 
2.2 Forest planning and management in Sudan 
The early history of Sudan forestry is one of heavy exploitation of natural 
forests without reservation and rehabilitation. This type of mismanagement 
continued until the end of the first three decades of the century when forest 
management planning started. The first working plan for some Riverain 
forests came into operation in 1929 and a complete working plan covered 
the period 1929-1933 for only six reserved areas and twelve unclassified 
forests (Elsiddig and Hamid 2000). Agreement on reservation program was 
settled with the issuance and enactment of Sudan forest policy 1932 and the 
central and provincial forest ordinances 1932. The policy emphasized on the 
need for concentration management planning and wood production in side 
forest reserves because of the provision of protection that enhance 
regeneration of tree species. The first proper management plan was prepared 
for Riverain forests. (Booth, 1948) defined the approach for plan preparation 
as conservation plan.  
The objective was directed towards the continuous development of equal 
area of annual plantation as the basis for sustainable management. This 
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working plan was followed by preparation of forest working plans in 
different areas of Sudan but very limited. At the same time no management 
plans were made for the natural forests but very few reserved natural forests. 
All management activities executed within the natural forest reserves are 
mainly concerned with protection through patrolling system. Such 
approaches turned the forest management into a punishing tool rather than a 
development mechanism (Vink, 1998).   
Moreover, the few existing management plans have clearly failed to achieve 
their intended objectives, e.g. sustainable production of railway sleepers 
from the Riverain forests because they were concerted on timber and didn’t 
consider the various needs and interest of different stakeholders, particularly 
local communities. Such management plans are not based neither on site 
understanding nor on the conditions around the forests such as people needs 
and the type and size of the products needed (Elsiddig et al. 2002). 
2.3 Natural Forest Management 
Management of the natural forest is currently neglected and limited largely 
to the creation of forest resources. The area of these forest reserves has 
reached about 12.5 million hectares, approximately 4.8% of the area of the 
Sudan (Elsiddig et al.2007). Since their reservation, the management of 
these natural forest reserves, as stated in the legislation and policies, has 
been based on prevention of the local communities from access except under 
limited permission. However, the1989 Forest Act and recent developments 
in policy, put emphasis on community and private forest development as a 
means for people involvement in forest development.  
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At present, the management of the forest reserves has started to consider 
community involvement in an integrated forestry, animal husbandry and 
agriculture cropping system albeit within limited area, which is providing 
promising land use experience for future development inside forest reserves. 
The integration of trees with crops in any form indicates the important role 
played by forests and trees in dry tropical land use system (Abdalmajid and 
Elsiddig, 2003).  
An agroforestry and agropastoral system maintains the existence of crops, 
trees and animals in a time sequence or in co-existence at the same time on 
same piece of land. Numbers of well known tree species, associated with the 
system are able to provide famine food for people and fodder for animals 
during dry periods. Approximately 1.2 billion people (20%of the Worlds 
population) depend directly on agroforestry products and services in rural 
and urban areas of developing countries, as mentioned by (Leakey and 
Sanchez, 1997). In addition, trees are able to provide shelter and protection 
for the land, crops and animals. Additionally, agriculture residues provide an 
important source, of animal feed during dry periods. This interaction 
provides linkages between farmers, crops, and animals and trees on lands. 
(Elsiddig et al.2007). 
 2.4 Forest Management 
Increasing population and diversification of their needs for forest products 
necessitates adoption of proper management, control and wise use of forest 
resources, to avoid diminishing of the forests and their direct and indirect 
productions (UNDP, 1995). Rapidly growing demand for domestic products 
and services compared with declining forest resources makes forest 
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management extremely complex. There is an urgent need to utilize forest 
resources jointly with careful protection and conservation of resources. 
(FAO, 1989) stated that the Asian experience shows that sustained timber 
production through natural regeneration of species is an option that should 
be given serious consideration. The Asian experience and the knowledge 
underlying it represents an informational base accumulated over a century, 
concerning sustained yield management, and covering a wide range of non-
technical as well as technical considerations. It is a source of information on 
which foresters everywhere should be able to draw on, for the development 
and improvement of forests. Obviously enough, the managed interaction 
between forests and their immediate environments must be executed in and 
on the forests. Forest management thus covers what is done, to meet certain 
specified purposes (FAO, 1989). 
Those purposes are many and growing, apparently in number and variety, as 
well as in magnitude (Husch et.al.1972). But for working purposes they can 
be grouped into broad classes of services and products, which warrant the 
continued occupation of land by forests. Those groups are infrastructural 
comprising the environmental protection and amelioration influences of 
forests (Osmaston, 1968). 
To be successful a forest management system has to be able to maintain a 
forest structure and distribution, which can supply whatever combination of 
those requirements that circumstances impose, explicitly or implicitly on the 
forest (Osmaston, 1968). In a silvicultural phase, the natural management of 
tropical forests still aims at taming the necessarily destructive harvesting of 
some trees into mechanisms for replacing them (Schmidit, 1991). For 
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sustained yield, a regulatory phase is still required to ensure that the rate of 
harvesting and the rate of replacement are properly matched (Davis, 1952). 
The origins of scientific forest management in the tropics are to be found in 
India. Dating from the mid 19th century, they are part of what is now 
regarded as classical forest management .In fact, one of the tropical system –
Brandis system (Jerram, 1935) .In the Brandis method of yield regulation, 
the number of Teak trees above a specified minimum exploitable size which 
could be cut was set as a function of the rate at which smaller sized trees 
could replace the ones to be removed .It was marked improvement on simple 
area control and is a successful system as long as the demand can be kept 
within these sustained yield limits. Logging can be confined to the size 
classes prescribed, and continuous regeneration is maintained by strict 
protection against fires and grazing. This latter condition is crucial (FAO, 
1989). 
(Chaturvedi,1992) said that although assessment of growing stock for 
natural forests and plantations of pure species approaching maturity can be 
done using well-established sampling techniques such assessment has 
always been difficult for plantation of mixed species of younger ages, 
especially those on undulating sites. These sites are characterized by a high 
degree of variation in microclimatic conditions, and therefore, in growing 
stock. 
Forest   management   includes arrange   of    human interventions that affect 
forest ecosystems. These activities include both conservation and economic 
activities such as extraction of timber, planting and replanting of various 
species, cutting roads and path ways through forests, and techniques for 
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preventing or making out breaks of fire .In developed countries, the 
environment has increased public awareness of natural resource policy, 
including forest management .As a direct result, primary concerns regarding 
forest management have shifted from the extraction of the timber to other 
forest resources including wildlife ,watershed management ,and recreation 
.This shift in public values has also caused many in the public to mistrust 
resource management professional,(Shindler, 1999).  
The early assumptions for forest management (1950-1960) were based on 
the fact that forest provides many and diverse roles in producing goods and 
providing environmental services .The roles have to be carefully balanced in 
multiple-purpose management system. Forest may influence conditions in 
more distant region (e.g. watershed). Thus, forest management should 
incorporate regional interests.  
(Murray, 1993), stated that forest management can be defined as “deciding 
what one wishes to do with a forest. The objective of the management are 
responded to by what one can wish to do, the physical and socio-economic 
context responded to by what one can do and the prescription for the 
conservation and use of the forest responded to by what one should do .the 
(IAC, 1994), defined forest management as organization and control of the 
creation maintenance and utilization of forest trees and associated resources 
involving both technical and organizational aspects. 
Forests can be managed in many ways and for many purposes (Davis, 1959). 
(Husch et al. 1972) mentioned that the purposes of proper forest 
management are many and growing in number and variety as well as 
magnitude. The technique used in each case will depend on the objectives, 
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the type of forest, the available capacities, resources, and local conditions 
and constrains. Acacia senegal (Hashab) is private owned and managed by 
farmers for the production of gum Arabic as the main objective. As (Ballal 
et al. 2005) stated that Acacia senegal is established in gum gardens 
managed in twenty years rotation in a sequential existence with cropping for 
a period of five years. The system was controlled to yield gum during the 
twenty years and grains during five years (Elsiddig et al. 2004). Although 
farmers for gum production manage gum gardens, the system provides for 
fulfillment of many other objectives .At the twentieth year gum garden 
produces fuel wood and building poles. However, during the twenty years 
period the gum gardens also fulfill other objectives of provision of fodder 
and soil restoration thus resulting fertile soil for agriculture (Elsiddig et al. 
2007). 
2.4.1 Forestry and Forest Management  
The society of American Foresters (SAF) defines forestry as the science, the 
art, and the practice of managing and using for human benefit the natural 
resources that occur on and in association with forest lands. Natural 
resources have traditionally entailed major commodities such as wood, 
forge, water, wildlife, and recreation. However, the concept of forestry has 
expanded to encompass consideration of the entire forest ecosystem, ranging 
from mushroom to landscapes. The practice of forestry requires in-depth 
knowledge of the complex biological nature of the forest. It also requires an 
understanding of geology and soil, climate and weather, fish and wildlife, 
forest growth and development, and social and economic factors. Foresters, 
wildlife managers, park rangers and other natural resource specialists are 
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trained in biology, physics, chemistry, mathematics, statistics, computer 
science, communications, economics, and sociology. 
Silviculture is the art, science and practice of controlling the establishment, 
composition, and growth of a forest. It entails the use of both natural and 
induced processes to foster forest development .For example; reforestation 
of a harvested or burned-over area can be accomplished by natural seeding 
from nearby trees or by planting seedlings.  
2.4.2 Utilization of Forest Resources 
Forests are often focused on particular uses .For example; plantation forests 
are generally designed to produce wood and fiber products. Conversely, 
public forests are increasingly devoted to nonconsumtive purposes such as 
the preservation of biodiversity, natural conditions, and scenic vistas. 
However, all forests can provide multiple benefits, including harvestable 
products; water shed protection, recreation opportunities, wildlife habitat, 
and ecological services. 
2.5 Definition of Sustainability in Forestry 
Sustainability issue in the forest sector concerns both forestry and forest 
industry. In the case of the forest industry, sustainability concept and 
impacts do not really differ much from any other industrial sector. Forestry, 
though, is another and much more complex issue. Increasing the production 
of industrial forest products to meet the domestic and global market demand 
will automatically lead to associated positive and negative effects. One of 
the main effects will be on forestry, through increasing demand for wood as 
raw material. The determinations of the second tier indicators of 
sustainability also imply an in-depth understanding of the sustainability 
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concept for forestry. The United Nations Conference on Environment and 
Development (UNCED) adopted in 1992a set of Forest Principles, which, 
italic, define the principles of sustainable forest management:” Forest 
resources and forest lands should be sustainably managed to meet the social, 
economic, ecological, culturaland spiritual needs of present and future 
generations. These needs are for forest products and services, such as wood 
and wood products, water, food, fodder, medicine, fuel, shelter, 
employment, recreation, habitats for wildlife, landscape diversity, carbon 
sinks and reservoirs, and for other forest products.”(UNCED,1992). 
Also a definition of the present day understanding of the term sustainable 
forest management was developed by the Ministerial Conference on the 
Protection of forests in Europe (MCPFE), and has since been adopted by the 
Food and Agriculture Organization FAO (Ministerial Conference on the 
Protection of Forests in Europe). It defines sustainable forest management 
as: the stewardship and use of forests and forest lands in a way, and at a rate, 
that maintains their biodiversity, productivity, regeneration capacity, vitality 
and their potential to fulfill, now and in the future, relevant ecological, 
economic and social functions, at local, national, and global levels, and that 
does not cause damage to other ecosystems.  
In simpler term, the concept can be described as the attainment of balance-
balance between societies’s increasing demands for forest products and 
benfits, and the preservation of forest health and diversity. This balance is 
critical to the survival of forests, and to the prosperity of forest-dependent 
communities. 
For forest managers, sustainably managing a particular forest tract means 
determining, in a tangible way, how to use it to day ensure similar benfits, 
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health and productivity in the future. Forest managers must assess and 
integrate a wide array of sometimes conflicting factors-commercial and non-
commercial values, environmental considerations, community needs, even 
global impact-to produce sound forest plans. In most cases, forest managers 
develop their forest plans in consultation with citizens, businesses, 
organizations and other interested parties in and around the forest tract being 
managed. 
2.5.1 Sustanability Trends in Forestry 
Sustainability has recently become a fashionable concept in relation to 
everyday life (Gane, 1992), the management of renewable resources 
including forests (Sanwo 2002; Jerkins et al., 2000; Gane, 1992) and human 
development (UN, 1997). Gane (1992) describes sustainability as finding a 
path of economic progress that does not impair the welfare of future 
generations. UNEP further describes sustainable living as lifestyle of an 
individual who feels the obligation to care for nature and every human 
individual who acts accordingly. Sustainable human development therefore 
takes care of the poor urban and rural dwellers in Africa by not only 
generating economic growth for them but also by distributing its benefits 
equitably and by regenerating environment (Sanwo, 2002). 
 
Forests provide a range of wood and non-wood forest products used in 
processing value-added forestry products from sawn wood to high quality 
paper. Forests also provide various environmental and social as well as 
cultural/spiritual services, some of which are important only locally and 
others –such as biodiversity and carbon sequestration-globally. 
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Deforestation and forest degradation are recognized amongst the most 
important global and regional environmental problems affecting almost 
everyone’s welfare by threatening the sustained supply of forest products 
and services (UNCED1992, Dudley et al. 1995). The change in the forest 
cover, i.e. deforestation, is perhaps one of the most telling indicators 
available for global comparisons. It is related –although not always well-to 
the capability of forest resources to provide timber and non-wood forest 
products (NWFPs) and also other benefits related to various thematic areas 
of sustainability. 
Deforestation (and forest degradation) can lead to local problems such as 
deterioration of soil and water resources, as well as to global problems, 
including reduction of carbon sinks and a loss of biodiversity. According to 
the recent FAO Forest Resource Assessment (FRA 2000) the net change in 
forest area in 1990-2000 was 9.4 million hectares or 0.22% per year. Most of 
the forest losses were in the tropics, where the net annual loss was 12.3 
million ha, corresponding to an annual deforestation rate of 0.46% in non-
tropical areas such as USA, China, Europe, Russia, Japan and Canada, the 
forest area expanded annually about 2.9milion ha.  
Tropical forest degradation and/or deforestation are issues raising great 
concern among conservational scientists along the World. In particular, the 
rate of destruction of tropical forests, through the large extent of commercial 
logging has attracted a lot of attention. Moreover, many studies and reports 
indicate that this destruction is still increasing, given the rising demand for 
agricultural land, and wood products from tropical forest, as consequence 
the rising world population .As tropical forest destruction increases, so does 
the demand for their sustainable management from sections of people with 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭϵ 
environmental or conservation concerns. Consequently, at both international 
and national level, a number of initiatives have come with suggestions of 
criteria and indicators for sustainable forest management determination. 
However, most of their proposals are still very broad and rarely find 
appropriate applicability at the forest management unit level. 
The issue of national forest degradation / deforestation has been at the center 
stage of controversy in terms of its environmental consequences for almost 
three decades. This has raised a lot of concern at international scale, 
particularly regarding the impact of logging activities on the sustainable 
basis (Poore, 1989). The growing international concern has led to an 
increasing demand for the sustainable management of forests, which has led 
to the development of criteria and indicators for assessing sustainable forest 
management. 
As more goals and objectives are identified under sustainable forest 
management, the complexity of forest management, like virtually ever 
aspect of human life, has increased not only due to changing demands on 
forests but because of rapid technological development in many areas, 
including management system, (Elhassan, 2000). Yet sustainable 
management can be maintained if put under test evaluation and monitoring.  
A new approach is to consider criteria and indicators of sustainable forestry, 
which incorporates social, cultural, and environmental dimensions, in an 
economic ecosystem perspective. With this comes an expanded monitoring 
program, which considers aspects of ecosystem processes and patterns not 
previously examined in detail. New monitoring activities, together with the 
need for detailed decision support system combine with geographical 
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information systems (GIS) and models, add to the information burden 
(Elasha, 2003). 
2.5.3 Sustainable Integrated Forest Management 
A sustainable forest management approach to the conservation of mountain 
forest resources will greatly contribute to human welfare in Africa .The most 
recent innovation and key factor in forest management, which conforms to a 
sustainable forest management, is the use of new forest practices that will 
enhance the maintenance of forest ecosystem in a sustainable way. In other 
words, human activities in the forest should not negatively affect the ability 
of the forest to continue in the way it was originally (Franklin, 2001). This 
can only be achieved through the promotion of self-reliance amongst the 
rural people through their active participation in natural resource and forest 
activities including ecotourism (FAO, 1985; Sanwo, 2002). 
An integrated environmental management technique will make use of the 
other necessary workable management techniques available to preserve and 
conserve forest resources. An efficient sustainable integrated forest 
management (SIFM) strategy aims at environmental friendliness and 
sustainability. It is one that will enhance proper forest resources utilization 
and optimal land use schems. The application of SIFM strategy is not limited 
to researchers, policy makers and governments alone. Rural and urban 
dwellers and other stakeholders are all part of the process. Co-operation 
between them is also needed.  
The bottom-up approach method of actively involving community dwellers 
in community- based development programmes are of utmost importance as 
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this is now achieving greater success in sustainable environmental 
management and ecosystem conservation methods (FAO, 1985; FORMECU 
2001; Lusigi, 2001). Various SIFM methods are working for mountain forest 
in Africa by regenerating and rehabilitating forest areas. Regions in the 
developing countries of Latin America, Asia and Africa such as Cameroon, 
Tanzania, Kenya, Zaire, Nigeria, Venezuela, peru and Nepal where forested 
highlands are being devastated are encouraged to employ more of these 
techniques as the case may be (Noss, 1999). 
An integrated forest management approach that will enhance sustainability, 
however, will incorporate viable facets to proper land use schemes. The 
management may allow for the establishment and maintenance of the 
following: secondary/high forests; afforestation/plantation; 
agroforestry/alley cropping; aesthetics and ecotourism; and national 
parks/sanctuaries and game/forest reserves.    
2.6 Forest Cover  
Forest area in the Sudan declined from 43% (estimated by and Harrison and 
Jackson, 1958) to 38.5% estimated by FAO (1970) and in 1990; the forest 
resource assessment indicated that the forest cover had shrunk to 19% of the 
total country area. 
Recent forest inventory (1995/1996) conducted for northern Sudan (between 
latitudes 10 and 16N by the Forests National Corporation (FNC), in 
cooperation with the FAO, estimated forest area at 12% of inventoried area 
in this part of the country. 
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Forest resource assessment (FRA, 2000) indicated forest cover to be around 
17% of country’s area plus an additional 10% as other wooded land in the 
year 2000 with an annual deforestation rate of –1.4%. 
2.6.1 Threats 
 Oil exploration, mechanized, prospecting for gold, roads and bridges and 
high dependency of population on forest resource biomass as a major source 
of energy constitutes one of the main problems to forests.  Dependence of 
wood-based energy is reflected in the fact that of the 78.5% of Sudan’s total 
energy consumption, 70.5% was in the form of woody fuel. 
Climate Change and Drought is considered as one of the most important 
phenomena that Sudan faces .Two major droughts periods during 1987, 
1989, 1990, 1991and 1993, in western and central Sudan. 
Since the early 1900s, extensive areas of forest have been converted to 
agricultural use and cleared for large-scale mechanized rain fed farming 
system in eastern and central Sudan 
2.6.2 Density and Stocking 
Density is a measurable attribute of a stand. Stand density is a measure of 
how many trees are growing per unit area.  Together, site and density tell 
how much timber can be produced, as well as what kind of wood quality can 
be expected at harvest time (Nyland ,1983). Stand density can describe how 
much a site is being used and the intensity of competition between trees for 
the site's resources (i.e., water, light, nutrients and space).  
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At higher densities, the growth rates of individual trees slow down because 
there are more trees competing for the site's limited resources (Bennett, 
1970).  
 Stocking refers to the adequacy of a given stand density to meet some 
specified management objective.  Hence, stands are often referred to as 
under stocked or fully stocked (Briegleb 1952, Bickford 1957).  Stocking is 
a relative concept - a stand that is overstocked for one management objective 
may be under stocked for another (Nyland 1983). 
2.7 Forest Inventory 
Forest inventory is an estimate of the number, size and species of trees on 
our forest lands as well as forest habitat condition, acreage of high 
conservation value areas, number of trees and number of downed logs. 
Inventory foresters collect the following information: 
- Tree diameters. 
- Tree heights. 
- Unique tree characteristics (e.g. old growth, snags, nests). And 
- Number and size of downed logs. 
(Lund and Thomson, 1989) stated that: land managers need to know the 
location extent, quantity and condition of the forest resources they manage 
and low those resources are changing over time. 
Forest inventory over large areas provide these kinds of information for 
resources planning purposes. 
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(Husch et al. 1972) explained that most forest inventories, in the past and 
present, have continued to be timber estimates. In this sense a forest 
inventory is an attempt to describe the quantity and quality of forest trees 
and many of the characteristics of the land areas upon which the trees are 
growing. With increasing importance of forests for non-wood values such as 
recreation, watershed management, wildlife, or possible conservation to 
other land uses, the concept of a forest inventory must now be widend. 
When non-wood values are important, then timber and non-timber 
characteristics of the forest and the land upon which it is situated will have 
to be observed, measured where possible, and the resulting data analyzed 
(Fflliot and Norley, 1965). 
An inventory is an accounting of goods on hand. It may be for a single use, 
such as to estimate the tree volume in a scale area, or it may be multipurpose 
to obtain estimates of quantity, change, productivity and condition. (Wensel 
and John, 1969) stated that a forest inventory is concerned with the 
quantitative description of the forest community as a basis for some 
management decision. 
In some cases, a forest inventory will seek only wood or timber quantities, 
and qualities in other cases both timber and non-timber information will be 
required and in some cases only non-timber information may be sought 
(Booth and Wickens, 1988). The information needed for an evaluation of 
non-timber values associated with forest and forest land will some times 
require different or additional observations and measurements. In many 
cases, a great deal of the information usually obtained in an inventory for 
timber can also be used for evaluating other forest values, (Husch et al. 
1972). In order to make inventories more useful and not to result in 
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redundant data, (Keller ,1992) mentioned for information engineering 
methodologies that provide structured process for building integrated and 
coordinated information system that consider the entire spectrum of timber 
management job. 
(Spurr, 1952) stressed on the need for successive forest inventory in the 
tropics to provide species composition and stand structure and their changes 
over time. Changing trends in species composition indicate the 
disappearance or migration of species from their habitats (Kassas, 1968). 
Such changes are indicated by successive inventories over large areas.( 
Davis ,1966) stated that, structure development in the form of diameter 
distribution and existence or absence of various size classes from 
regeneration to maturity facilitates evaluation of the future of useful species. 
However, large   forest areas in the tropics are usually unmanaged and are 
continuously exploited without resource inventories (Loetsch et al., 1972). 
(Lund and Thomson, 1989) stated that land managers used to know the 
location, quantity and condition of the forest resources and their changes 
over time using large area inventories. As population is increasingly 
growing, the management of natural forest resources has become more 
complex requiring sophisticated information management tools such as 
aerial photography and remote sensing techniques which can be used to 
define and focus resource management alternatives (Green, 1992).  
Successive inventories in the tropics can use various techniques to provide 
information on stand location, extend, boundaries, composition, structure 
and changes over time. 
The Sudan Forest Inventories require the preparation of base and forest 
cover maps applicable to extensive areas of Sudan for which no previous 
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mapping coverage of sufficiently accurate standard exist. (Groupe Poulin 
,1984) reported that the only practical manner by which the coverage 
required could be obtained was through the application of modern mapping 
techniques to recently acquired vertical photographs of areas under 
investigation, in Blue Nile State, in Sudan. However, for inventory planning 
of the Blue Nile State, central Sudan, maps with a 1:250.000 scale were 
traced directly from land sat imagery, and then stratification followed 
(Groupe Poulin, 1984). 
The National Forest Inventory of the Sudan during 1995-1997 got use of 
existing Sudanese maps prepared at a scale of 1:250.000 in rectangular 
sheets each covering an area 110x165km and applied the geographical 
information system (GIS) for sampling design and sample plots distribution 
on all map sheets between latitudes 10°N-16°N from west to east borders of 
the Sudan (Sid Ahmed, 1998). 
The introduction of the Global Positioning System (GPS) in Sudan rendered 
large area forest survey or inventory easy to execute and map. The GPS 
installed on car top, guides the inventory crew to any sample plot for which 
the co-ordinates are stored in the GPS (Sid Ahmed, 1998). The GPS 
communicates with the satellite to guide the inventory crew to specified 
sample plots. 
2.7.1 Definition and Concept of Forest Inventory  
A forest management inventory is a survey of an area to determine the 
volume,location,extent,condition,composition,and structure of the forest 
resource ,as well as the way it is changing .It describes the status of the 
resource, providing a baseline from which to model predictions or to 
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evaluate management prescriptions. A forest management inventory and an 
operational inventory to satisfy the varied needs of forest management. 
Forest inventory is usually considered to be synonymous with timber 
estimates. In this sense a forest inventory is an attempt to describe the 
quantity and quality of forest trees and many other characteristics of the land 
area upon which the trees are growing (Husch et al.1969).It is emphasized 
that forest inventories must include an evaluation of both tree characteristics 
and the area of land upon which they grow. 
Estimates of timber quantities derived from the area on which the forests are 
growing have little meaning. For a complete evaluation of a forest area and 
especially with a view towards managing it on a sustained-yield basis, 
correlation between most of the forest parameters and land characteristics 
should be secured (Husch et al., 1972). 
With increasing multiple end use of forests for purpose of wood, water-shed, 
wildlife, grazing and conservation, the objectives of forest inventory must be 
revised and its scope must be widened to include both timber and non timber 
information .In many cases a great deal of the information usually obtained 
in an inventory for timber can also be used for evaluating other forest 
associated values. For example forest composition and topography 
information necessary for timber valuation, are also necessary when 
evaluating forest recreational possibilities, wildlife or watershed values. 
(Frayer, 1974) stated that practical expression of the concepts of multiple 
use of forest resources are being developed with objectives of incorporating 
such data in multivariate management decisions. 
The need for inventory information may range from the national level for 
over all planning and development of forestry and forest industries to 
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detailed data concerning management plans prescription for small forest 
tracts (Loetsch et.al., 1973). Inventories are required to determine forest 
areas and quantities of forest produce in natural forests or plantations (El 
Siddig et al. 1992). 
2.7.2 Sampling Procedure 
(Elsiddig et al.1992) reported that the objectives, scope and intensity of 
different forest sampling systems in the Sudan exhibit wide variation in the 
problems facing their planning and methods involved in their execution. 
Such problems include facilities, finance and nature of forestland to be 
sampled. (Sid Ahmed, 1998) stated that the below breast height branching 
habit of most of the trees in the tropical area in Sudan adds to the sampling 
problems due to the difficulties in measurements of diameters. 
The extensive nature and low productivity of the natural forests in the 
tropics discourage large-scale inventories and high intensity sampling. 
(Elsiddig et al.1992) stated that, the low yield and value of natural forest 
products coupled with the continuously declining budgets of inventories 
necessitates that the sampling should be run at the lowest possible cost yet 
provide useful information for planning purposes .To over come the 
difficulties associated with the sampling of large area of natural forests in 
the dry-lands of the Sudan, (Elsiddig et al.1992) proposed that sampling 
designs for such type of natural forests can be based on systematically 
selected stands scattered over large areas to represent the whole area .Such 
type sampling design is analogous to double sampling design in which the 
first stage involves selection of representative strata delineated by photo-
points or reconnaissance survey and the second stage involves sample 
distribution in each selected stratum (Cunia,1974). 
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A two stage sampling design was used by (Farmer et al. 1964) in the Dee 
valley of Scotland based on preliminary survey within stands and selection 
of a sample of stands and distribution of sample plots within the selected 
stands. 
In the Acacia nilotica (Sunt) forests along the Blue Nile, (Elsiddig et 
al.1980) selected nine forest plantations to represent all the Sunt plantations 
between Sennar and Damazin and developed systematic sampling design in 
each forest in a two-stage sampling system. 
A sampling design is defined by the sampling unit’s characteristics and 
distribution over the forest area (Spurr, 1952; Elsiddig, 1992; Stage, 1992). 
The definition of the sampling unit can take a wide range of forms including 
a stand or a plot (Farmer et al., 1964; Elsiddig, 1992) taking a shape of 
square, rectangle or circle or a sampling point (Grosenbough, 1958; Husch et 
al., 1972; Loetsch et al., 1973). 
Sampling unit’s distributions receive great attention in the literature of forest 
sampling designs. The list of distributions include: random sampling, 
systematic sampling, strip sampling, clustr sampling, two-stage sampling 
and multistage sampling (Johnson and Hixon, 1952; Farmer, 1964; Loetsch 
et al., 1973; Cunia, 1974; Elsiddig, 1992). The two commonly used designs 
include random sampling (Shiue, 1960; Freeze, 1967; Wenger, 1984) and 
systematic sampling (Husch et al., 1972). 
The latter is becoming more common in forest sampling design for 
simplicity and good coverage of variability within the forest area .In 
systematic sampling; the units are distributed at regular spacing (Gautschi, 
1957; Freeze, 1967; Husch et al., 1972; Loetsch et al., 1973). 
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2.7. 3 Sampling Design 
To obtain the information required in forest survey, it is necessary to 
measure the characteristics of the trees or forests either by aerial 
photogrametry or directly on the ground and to determine the characteristics 
of the land on which the trees are growing, (Husch, et al. 1972). For large 
forest areas 100 percent enumeration is not feasible because of size of the 
working force needed and the length of the time required and the excessive 
cost to be incurred. 
For these reasons, most large-scale inventories are carried out using some 
type of sampling techniques ,by selection of small portions of the forest 
(Sample plots ) ,which are considered representative of the forest as a whole. 
(Spurr, 1952) stated that the use of sampling is assumed in every phase of 
forest measurement as it is seldom possible to conduct 100 % enumeration. 
2.7.4 Sampling Techniques 
There are different designs used in the selection of samples for forest 
inventory work. In each forest area a pattern design must be chosen which 
will give the best results in the given circumstances (Husch et al., 1972).A 
considerably large size of literature, on sampling designs components and 
their influence on efficiency, accuracy and cost of inventory is available (El 
Siddig et al. 1992).  
The choice of a design depends on: 
-Sampling intensity, 
-Distribution of sampling units, 
-Size and shape of sampling units. 
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2.7.5 Sampling Distribution 
Various types of sampling techniques are in use in which plots are 
distributed randomly, systematically or selectively (Freeze, 1967, Husch et 
al., 1972).The traditional sampling procedure in forest survey is some form 
of systematic distribution of plots taken equally spaced along parallel lines. 
The systematic sample certainly has an intuitive appeal apart from being 
easier to select and carry in the field though spreading the sample evenly 
over the forest area (Loetsch et al., 1973). A systematic sample is very 
convenient in organization and control over the field work. 
The size of the most efficient unit depends on the variability and density in 
the stand, (Chako, 1962; Loetsch et al. 1973). 
However, larger plot size for a given intensity of enumeration results in 
small number of plot and many involve less travel time in locating the plots. 
Morever the relative time of actual enumeration of plots will be more 
compared to small sized plots (Tiwari, 1958).  
2.8 Remote Sensing (RS) Definition  
A standard definition is provided by (Lillesand and Kiefer, 2000), who 
describe remote sensing as: the science and art of obtaining information 
about an object, area, or phenomenon through the analysis of data acquired 
by device that not in contact with the object, area or phenomenon under 
investigation .The science of (RS) provides the instrument and theory to 
understand how object and phenomena can be detected. The art of RS is in 
the development and use of analysis techniques to generate useful 
information.  
2.8.1 Background 
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Remote sensing refers to the collection of techniques that apply photographs 
and images, taken from air or from space to study feature and monitor 
natural and man based processes that take place on the earth surface. Aerial 
photography remains the main source of data for producing topographic 
maps. Since 1970 additional techniques based on multi-spectral scanning, 
radar and laser has been developed and has been considerably expanded the 
scope of remote sensing. Today, for example, most weather forecasts, crop 
type inventories and crop yield forecasts are based on remote sensing 
techniques. Processes such as climatic changes and deforestation can be 
better studied because of remote sensing data provided by global observation 
programs (Bakker, 1999). 
Principles related to remote sensing of the earth from space define it as “the 
sensing of the earth surface from space, making use of properties of 
electromagnetic waves emitted, reflected by the sensed objects, for purpose 
of improving natural resources management, land use and the protection of 
environment (UN, 1999). 
Over the last twenty years, remote sensing has become increasingly 
important in the study of vegetation changes due to increased spatial 
resolution of new sensors. Due to the availability of the low cost Advanced 
Very High Resolution Radiometer (AVHRR) images and the increasing 
availability of powerful computers, several changes detection procedures 
have been described by a number of researchers who usually give priority to 
achieving accuracy in the radiometric registration of multi-temporal imagery 
(Kwarteng and Chavez 1998). 
2.8.2 The Role of Remote Sensing and Geographical Information 
Systems (GIS) in Forestry 
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The role of remote sensing and geographical information system (GIS) 
technologies as well as other computer models in ecosystem management is 
indispensable. These are proficient, analytical and evaluation tools in 
forestry and other environmental sciences. Their contribution to efficient 
forest assessment, monitoring and management in developed countries is 
inestimable. Hence, their application and optimum utilization in integrated 
forest management for mountain forests in the Africa are highly 
recommended .It has, however, been shown that their application in the 
developing world is quite limited due to inadequate information, facilities 
and technological know-how (Arimoro et al. 2002). Remote sensing is 
procedure for collecting data about features and targets on earth’s surface, 
often in the form of photographs and images .It involves the detection, 
recognition and evaluation of objects by mean of distant sensing or 
recording devices. It is indeed one of the most powerful tools available for 
collecting, collating, analyzing, monitoring, quantifying and mapping 
environmental data and their associated changes (Franklin, 2001). It is 
effectively modified and designed to support sustained forest management 
especially in presenting and reporting criteria and indicators of sustainable 
forestry and land use (FORMECU, 1998; FORMECU, 1999). 
GIS is a computer-based system for the digital entry, storage, 
transformation, analysis and display of spatial data (spatial data will include 
maps of vegetation types and land use; point observations of rainfall; images 
from satellite a data or remote sensing; and tabular data associated with 
geographical areas such as demographic reports). The synergy between 
remote sensing, GIS and other scientific application and models has resulted 
in the formation of the geographic information science (GIScience).  
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GIScience has thus become a masterpiece set of tools for integrate 
management of mountain forests (Franklin, 2001). Institutional capacity 
building through training, education and technology transfer especially at the 
grass-root level will crown the process of a good forest management 
strategy. All parties need training on new techniques for continuity and 
maintenance. The necessity for stakeholders, government agents and the 
rural dwellers to be trained and educated in modern forest skills is especially 
essential in Africa, where the level of illiteracy is high and modern tools and 
equipment are laking. This is mandatory, if the needs of the people and the 
sustainability of the forests are to be met at the same time. The use of these 
modern techniques have been clearly demonstrated and successfully applied 
in Africa. Many tools like GIS modeling have been developed to improve 
forest inventory and management planning (Mozgeris, 2008). 
While there is limitation on the use of Tiung Sat –1 data for detail forestry 
application due to it coarse spatial resolution, the availability of high –
resolution satellites (such as IKONOS) have currently increased the use of 
remote sensing data for forestry application in the countries. Among other, 
application of remote sensing in forestry include mapping of forest cover 
types (Khali, 1999), forest fire detection, forest monitoring, detecting 
deforestation and forest degradation, forest cover area measurement (Hussin, 
2000). This is very useful in planning and implementation of any forest 
rehabilitation programmes (Rikimaru, 1999). 
Renewable natural resources such as forests are continuously changing, 
where is defined as "an alteration in the surface components of the 
vegetation cover "(Milne, 1988) or as" spectral /spatial movement of 
vegetation entity over time (Lund, 1983). The rate of change can be either 
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dramatic and /or abrupt, as exemplified by large scale tree logging ; or subtle 
and /or gradual, such as growth of standing volume .Some forest cover 
modifications are human-include, including deforestation for land-use 
conversion. Others have natural origins resulting from, for example, insect 
and disease epidemics.       
2.8.3 Application of Remote Sensing, GIS in the Sudan 
Groupe Poulin (1984) studied the results of the land sat analysis in the Blue 
Nile Province, contrary to those obtained, the high rainfall woodland 
savanna of southern region; do not confirm the principal conclusion ''the 
possible application of land sat imagery in the Sudan forest inventory ''. The 
greatest confusion exists in image themes obtained with the same 
methodology applied to the southern region. (This matter was investigated 
but without success.) No colour seems to be specific to a given theme ;thus 
lowering the reliability rate of each image interpretation except for the wood 
land savannas found in mountain areas of the Blue Nile Province such as 
along the Ethiopian border . In this particular land sat analysis, however, it is 
thought that most of the encountered difficulties can be attributed to 
reflectance problems. 
Ahlcrona (1988) studied the impact of climate and man made land 
transformation in semi-arid region in central Sudan .Remote sensing 
monitoring interview ,analysis of rainfall and crop statistics, and analysis of 
environmental field data have been the tools in this research . 
El Tyaib (1999) carried out a study focusing up on the assessment and 
evaluation of the environmental changes in semi-arid region of Western 
Kordofan State, Sudan remotely sensed land sat data MSS, field observation, 
ancillary information and geographical information system (GIS) were used 
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in this study .The study covered the periods 1989 -2007. The study showed 
that remote sensing is a reliable tool in assessing and monitoring 
environmental conditions in the study area .the study strongly recommended 
that, the whole study area should be left for animal husbandry. 
Ali (1996) carried out a study in an attempt to assess and map desertification 
in the Western Sudan (Kordofan- Darfur). The objective of the study was to 
develop a methodology using remote sensing and geographical information 
system (GIS) in assessment and mapping of desertification .The Western 
Sudan is of considerable importance to the Sudan economy. The remote 
sensing data used in this study are NDVI images created from AVHRR 
sensor on board NOAA satellites. The final result in an image map of 
assessment of desertification gives good indication of area under risk of 
desertification. The areas desertified were divided in to four classes 
including light, moderate severe and very severe .In 1982 (reference year) 
the boundary of desert shifted about 200 km south of the desert boundary 
estimated by Harrison and Jackson, 1958. To sum up it can be stated that 
remote sensing and geographical information system (GIS) for assessment 
and mapping of desertification over large areas of dry lands like Western 
Sudan have been used with acceptable accuracy /reliability. 
UIF Hellden (1982), undertook studies aiming at developing and testing 
methods ,to a large extent basted on remote sensing technology ,to monitor 
variables of interest for the understanding and prediction of desertification 
and land degradation in arid and semi arid environments. Field data, 
including variety of environmental variables were collected, and 
measurements for trees and bushes were also carried out. The wet woody 
biomass and crown cover were estimated for a number of field plots and 
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compared to a number of land sat biomass indices generated for 
corresponding areas.      
2.9 Forest Degradation 
Degradation of natural resources has been a global problem. Accelerated 
conversion of forests with rapid industrialization and urbanization, intensive 
agriculture, over-exploitation, overgrazing mining and other human 
activities have resulted in the degradation of both the land and water 
resources. Eco-restoration (or ecological restoration), which means 
redevelopment (rehabilitation) of degraded ecosystems, is a key component 
of a boarder subject of sustainable development. Forest ecosystems have 
been increasingly subjected to anthropogenic perturbation (Xiongwen, 
2006). The disturbed forest ecosystem requires its eco-restoration and 
managing them in a sustainable way. Eco-restoration is also required for any 
kind of degraded land or the land, which has not shown its optimal use. It is 
a known fact that the reduction of forest cover in Sudan is based on the 
increasing dependence of human population on them with respect to meet 
their basic needs of fuel wood, fodder, roof thatching and small timber. 
There are number of factors, which have been damaging the forests and 
agro-ecosystem and subsequently degrading the total ecological processes. 
Exploding population in the past decades, lack of suitable land for 
agriculture and a search about economic activities have resulted unplanned 
and unscientific land use practices. The effect of this degradation among 
ecological processes is not only confined within the Blue Nile region but 
also all over the country due to the agricultural expansion, urbanization, 
regulated and unregulated cutting for timber and fuel wood, over grazing 
and drought.  
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Forests degradation contributes considerable role in balancing the 
ecosystem. The concern of the rapidly degrading environment is no more 
academic but has become real as its consequences are being felt everywhere 
and the policy and decision makers, the industrialists and the corporate 
community have recognized the need for action for conservation (Singh et 
al. 2006). Satellite remote sensing and GIS has emerged as a vital tool in 
understanding and monitoring the spatial and structural changes in 
vegetation cover and other earth surface features (Pant and Kharkwal, 1997; 
Pant and Singh, 1992). 
Urban growth, in population has been altered natural vegetation cover; due 
to anthropogenic activities. The results of these have left significant effects 
on local weather and climate. The use of remote sensing data in recent times 
has been of immense help in monitoring the changing pattern of vegetation. 
Change detection as defined by (Hoffer, 1978) is temporal effects as 
variation in spectral response involves situations where the spectral 
characteristics of the vegetation or other cover type in a given location 
change over time. Singh (1989) described change detection as a process that 
observes the differences of an ob ject or phenomenon at different times. 
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Chapter Three 
Study Area 
 3.1 Location 
The Blue Nile State is located in the southeastern part of the Sudan between 
latitudes 35° 80 ˴E and 33° 8 ˴E and longitudes 12° 35 ˴N and 9° 30 ˴N. It is the 
first state to be crossed by the Blue Nile River through its great journey 
where it meets with the White Nile in Khartoum junction (Mogran). The 
total area of the state is 38500 km square, adjacent to Ethiopia from the east 
and the south, Sinnar State from the north and the east and Upper Nile State 
from the west (Figure 3.1).The study was carried out at Alazazza Natural 
Forest Reserve, located in the southeast part of Ed Damazine city,at distance 
of about 6 -7 km, between longitude (11° 32' 28?  & 11° 28' 26? )and latitude 
(11° 53' 19? &11° 48' 16? ).The forest has been reserved in 15.6.1959 with 
gazette number 934 .The study covered about 4806.09 ha. 
3.2 Administrative Structure 
Referring to the Constitutional Act number (4) of the year 1993, Republic of 
the Sudan was divided into 26 states including the Blue Nile State which 
consists of six localities namely: Damazin, Rosaries, Kurmuk, Gyssan, and 
Bau (Blue Nile, plan 1995). 
3.3 Climate 
The southern part of the state lies between latitudes 9° N and 11° N. The 
slope of the land goes towards the north eastern direction including Khore 
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Yabous and Gyssan area characterized by the moist climate where annual 
rainfall ranges between 900 – 1000 mm per annum. The second part of the 
State lies between latitudes 9° N and 12° N, the rainfall ranges between 700 
- 900 mm per annum. The third part the annual rainfall between 450 – 700 
mm per annum. The remaining part of this state is within the semi-arid 
climate with an annual rainfall between 200 - 450mm. 
The minimum average temperature is between 17 - 21° C in July, and 
maximum average temperature is between 31 - 32°C in April. The rainy 
season starts in April and ends in November each year, every season the 
most effective rain for agriculture is July and August (Blue Nile plan 1995).  
3.4 Vegetation 
The high rainfall savanna occupies the southern part of the state while the 
low rainfall savanna belt covers the northern part of the state. Alazazza 
natural forest reserve is located in the northern, low rainfall savanna. This 
wide range of savanna is a reason for the existence of a wide range of 
diversity of vegetation components. The distribution of tree cover vegetation 
depends mainly on the quantity of the annual rainfall and the soil types 
(Harrison &Jackson 1958). The soil of the Blue Nile State is a heavy clay 
soil with an average annual rainfall ranging between 300-1000 mm of the 
two categories of savannas. 
The tree cover vegetation is divided into categories according to the 
distribution of the types of the soil rainfall. 
3.4.1 The Savanna belt 
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With the low rainfall class lies between 300 - 600 mm/annum, including 
Acacia mellifera (Kitir) belt and other associated species scattered within the 
(Kitir) belt in north part of the state. Nine species are identified in a 
reconnaissance survey and Boscia senegalensis is a second dominant after 
Kitir. This belt accommodates a large number of herds during their seasonal 
movement. The natural regeneration rate is in this belt is affected by many 
hazards like frequent fires and moving animal in addition to illegal cutting.  
The second belt is the Acacia seyal (Talih) - Balanites aegyptiaca (Higleeg) 
belt with average rainfall between 600 – 800 mm per annum. The tree 
species in this belt is composed of Acacia seyal var seyal (Talih), Acacia 
seyal var fistula (Suffar), Balanites aegyptiaca (Higleeg), Acacia polycantha 
(Kakamout), Dalbergia melanoxylon (Abanous) and Acacia senegal 
(Hashab) .On the heavy clay plains with dense vegetation cover, the 
intensive cultivation resulted in changes of vegetation and the tree species 
are substituted by tall grass (of sorghum species). This was known as Acacia 
–grass rotation .The third belt is the Anogeisus leiocarpus (Sahab) and 
Comberetum glutinosum (Habil) belt where the average rainfall is more than 
800 mm/annum. The most important tree species are Anogeisus leiocarpus 
(Sahab), Lannea schiperi (layoun), Steseparmer kanthianum (Khashkhash), 
Terminalia laxiflora (Subag), Dalbergia melanoxylon (Abanous) and Maesa 
lanceolata (Saraya). This belt extended up to the southern part of the state 
and Ingassana hills. 
3.4.2 The Hill catena series 
This extends all the way riverian line from the Ethiopian mountains up to 
Ingassana hills. The dominant species include Boswellia paprifera 
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(Taragtarag), Sterculia setigera (Tartar), Comberetum sudeatum (Habil), 
Stereospermum kanthianum (Khashkhash), Adansonia degitata (Tabaldi), 
Oxytenanthera abyssinica (Gana), Anogeissus leiocarpus (Sahab).  
 The vegetation distribution comes as a result of topography, soils and 
distribution of rainfall. 
3.5 Soils 
The analyses conducted by FAO (1995) provided classification of soils in 
the Blue Nile according to geographical sites giving the following types 
from north to south: loamy soils, clay soils, silt soils and heavy clay soils.  
3.6 Sedentary tribes 
The sedentary tribes live around Alazazza natural forest reserve and other 
reserves in areas where there is available water and lands for farming and 
fodder for grazing. The people are mostly subsistence farmers, using shifting 
cultivation to produce Sorghum, Millet, Sesame, Groundnut and other 
farming products. Livestock is very important to the villagers, with goats, 
sheep and cattle in addition to their dependence on the forest for income 
generation, especially during seasons of low crop production. 
3.7 Endemic tribes (Population)   
Alazazza is the nearest village to Alazazza natural forest reserve. The 
community belongs to Hamag civil administration, under the umda judicial 
power. The main tribes are Kenana, Rufaa, Bargo, Masalit, Fallata, Dinka, 
Broon and Tama. The inhabitants in the village enjoy the privileges of 
collection of the dead wood and small dry branches, twigs for fire wood; 
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fruits, leaves, barks and roots for local medicine and other possible materials 
for building their local homes. The forest is considered as a natural range 
particularly in the dry seasons from March to May, so grazing and browsing 
are a right for all livestock owners in all forest areas, and the grazing is 
prevented in the areas where the new regenerations are establishing.  
In terms of economic and land use activities, the year 2004 was the starting 
point in preparation of working plan for management of the forest, based on 
the sustainability aspect, and to drive more economical, sociological and 
environmental benefits from the forest, in addition to protection and 
conservation of the vegetation cover and tree biodiversity around the forest 
area. 
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Figure 3.1 Location of Alazazza natural forest reserve 
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Chapter Four 
Material and Methods 
 4.1General 
The main concept of this study is to monitor the changes of forest cover and 
stocking in Alazazza natural forest reserve in the Blue Nile State. Two 
methods of data collection were used in this study, namely primary data and 
secondary data. The primary data involved direct observation during field 
survey and ground assessment based on inventory and remote sensing. The 
sources of remote sensing data included three Land sat satellite images for 
the years 1989, 1999 and 2007; the images are selected according to 
availability of the download from the net. The secondary data was collected 
from sources of nationally and internationally relevant projects documents, 
related official records and annual reports. 
The study was carried out in Blue Nile State where the area described as the 
best and wide natural range land and succession of trees especially in 
Alazazza natural forest reserve. 
4.2 Ground assessment (inventory) 
A complete measure (100%) of various components of forest resources can 
not be made because of the large size of the area and difficulty of terrain. To 
gain a great accuracy, adoption of sampling methods have been made to get 
the information about the selected units of the site.  
Reconnaissance survey and field visits were made to select the suitable 
locations and strata that represent the variations which are found in the area. 
A systematic sampling layout was identified based on the method of line 
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plot sampling procedure with the sampling percentage of 0.75%, .As starting 
point; the map grid was done using the south-west corner stone of the forest. 
The base line was drawn at 0o bearing north and the survey line was drawn 
at 90o bearing east and the first sample plot was located at a distance of 30.0 
meters from the starting point to reduce the marginal effect, then the other 
plot was located at 500 meters from the first plot and repeat the process, 
from each survey line and other the distance taken 400 meters.A circular of 
0.15 hectares sample plot area of radius 21.9m was used such that each 
sample plot represented 20ha for sampling percentage used mainly 0.75%, in 
Alazazza natural forest reserve. For the determination of sample plots, GPS, 
compass, ranging rods and distance tape were the tools that used as well as 
field record forms for data records. Using diameter tape and caliper, the 
diameter at breast height (DBH) of trees in each sample plot was measured 
and recorded against serial numbers. The serial numbers provided the 
number of trees per hectare. In each sample plot heights of trees were 
measured using hypsometer. The study covered 231 sample plots; obtained 
data records were arranged and saved for computer analysis. 
4.3 Remote Sensing and GIS work  
Remote sensing refers to collection of techniques that apply photographs and 
images, taken from air or from space to study feature and monitor natural 
and man-based processes that take place on the earth surface. The present 
study utilized data based on remote sensing images taken in (1989, 1999 and 
2007). The GPS (global positioning system) was used to facilitate the 
location of sample plot points along the survey lines in the field and 
determining the classification of points in images. Sufficient ground control 
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points (GCPs) were used to verify the classification and also to observe and 
record the vegetation composition and land use types.  
GIS is a computer system capable of capturing, storing, analyzing, and 
displaying geographically referenced information; that is, data identified 
according to location in the field. 
In the present study the processing is divided into two stages, gathering and 
analyzing the remote sensing data as well as field observations and 
prediction. Data in the form of satellite imageries were analyzed 
qualitatively (visual interpretation) and quantitatively (information is 
extracted by the aid of computer). The combination of both classification 
methods and spectral change detection techniques were used. 
4.3.1 Choosing the satellite imagery  
Images taken included three cloud-free land sat TM scenes covering the 
study area that were selected for the analysis. The three images were 
acquired on 17.11.1989 (figure 4.1), 23.12.1999 (figure 4.2) and 16.11.2007 
(figure 4.3), the data was selected in these months because the clouds which 
covers the area in the rainy season, and the difficult of accessibility to the 
area after the rainy season. The TM data have been acquired at the same 
time (simultaneously) in seven and nine spectral bands respectively. TM 
bands characteristics are suitable for detecting and monitoring the biotic as 
well as the non-biotic types of natural resources. According to Lillesand and 
Kaifer (2000), as well as Campbell (1996) TM band 1 is useful for soil 
vegetation. TM band 2 detects green reflectance for healthy vegetation and 
band 3 is designed for detecting chlorophyll absorption in vegetation. 
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Figure 4.1 Subset image of land sat TM in 1989 
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Figure 4.2 subset image of land sat TM in 1999 
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Figure 4.3 subset image of land sat TM in 2007  
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 4.3-2 Landsat TM band spectral characteristics  
The TM bands were chosen after years of analysis of Multi Spectral Scanner 
(MSS) and other remote sensing data for their value in water penetration 
discriminating vegetation types and vigor, plant and soil moisture 
measurement, differentiation of clouds, snow and ice, and identification of 
hydrothermal variation in certain rock types (Jensen 1996). In addition, 
atmospheric effects determine the placement of bands in the spectrum. 
· Band 1: 0.45 - 0.52 um (blue) provides increased penetration of water 
bodies as well as supporting analysis of land use, soil, and vegetation 
characteristics. The shorter wave length cut-off is just below the peak 
transmittance of clear water, while the super wave length cut-off is the 
limit of blue chlorophyll absorption for healthy green vegetation. 
Wave lengths below 0.45m are substantially influenced by 
atmospheric scattering and absorption. 
· Band 2: 0.52 - 0.60 um (green) corresponds to the green reflectance of 
healthy vegetation and is spanning the region between the blue and 
red chlorophyll absorption bands. 
· Band 3: 0.63 - 0.69 um (red) is the red chlorophyll absorption band of 
healthy green vegetation. It is one of the important bands for 
vegetation discrimination. In addition; it is useful for soil boundary 
and geological boundary mapping. Band 3 may exhibit more contrast 
than band 1 and band 2 because the effect of the atmosphere is 
reduced. The 0.69 um cut-off represents the beginning of a spectral 
region from 0.68 - 0.75 m where vegetation reflectance crossovers 
occur that can reduce the accuracy of vegetation studies. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϱϮ 
· Band 4: 0.76 - 0.90 um (near infrared) is especially responsive to the 
amount of vegetation biomass present in a scene. It is useful for 
identification of vegetation types, and emphasizes soil-crop and land-
water contrast s. For reasons discussed above, the lower cut-off for 
this band was placed above 0.75 m.  
· Band 5: 1.55 - 1.75 um (mid infrared) is a reflective –IR band. It is 
sensitive to turgidity –the amount of water in plants. Turgidity is 
useful in drought studies and plant vigor studies. In addition, this band 
can be used to discriminate between clouds, snow, and ice which 
make it important in hydrologic research, as well as being able to 
remove the effects of this clouds and smoke. 
· Band 6: 10.4 - 12.5 um (thermal infrared) is a band that measures the 
amount of infrared radiant flux (heat) emitted from surfaces. The 
apparent temperature is a function of the emissivity and true (kinetic) 
temperatures of surface objects. Therefore, band 6 is used in locating 
geothermal activity, thermal inertia mapping vegetation classification, 
vegetation stress analysis, and in measuring soil moisture.  
· Band 7: 2.08 - 2.35 um (mid-infrared) is a ban used to discriminate 
between geological rock formations. It is particularly effective in 
identifying zones of hydrothermal alteration in rocks. 
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Table 4.1 Instrument of TM and ETM image 
INSTRUMENT TM ETM+ 
Land sat 4 or 5 land sat 7 land sat 
Data 1989 1999 + 2007 
Path / row no 172 – 52 172 – 52 
Spectral bands (um) 7 bands 9 bands 
- 1-0.45 – 0.52 (Blue) " 
- 2-0.52 – 0.60 (Green) " 
- 3-0.63 – 0.69 (Red) " 
- 4-0.76 – 0.90 (near IR) " 
- 5- 1.55 – 1.75 (mid IR) " 
- 7- 2.08 – 2.35 (mid IR) " 
- 6- 10.4 – 12.5 (thermal) " 
Ground resolution 30m by 30m (only band 6 
is 120m by 120m) 
30m by 30m(with 30m 
by 30m plus 0.52-0.90) 
(panchromatic) 
Dynamic range(bits) 8 8 
 
4.3.3 Analysis of remote sensing images 
In order to assess the land cover change in Alazazza forest reserve, two 
procedures of image preparation are generally taken, these are presented 
later. 
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4.3.4 Digital image processing  
A digital image is a sampled quantized numeric representation of the scenes. 
In remote sensing, digital image processing historically stemed from two 
principal application areas, the improvement of the information for human 
interpretation and the processing of image data for computer assisted 
interpretation. The whole task of digital image processing revolves around 
increasing the ability for spectral separation of the objects on the image. 
Accordingly, the following task is performed on all images taken (1989, 
1999, and 2007).  
4.3.4.1 Image enhancement  
These procedures are applied to image data in order to more effectively 
display or record the data for subsequent visual interpretation. 
Normally, image enhancement involves techniques for increasing the visual 
distinction between features in the scenes. Accordingly, the spectral 
enhancement has been performed on all images of (1989, 1999, and 2007) 
throughout most of classification and interpretation steps. An RGB (Red, 
Green and Blue) combination has been utilized frequently. It means that the 
band composite image with bands 4 (N-IR) with green and band 7 (Red) 
with blue color have been developed. 
4.3.4.2 Information extraction  
The aim of this procedure is to utilize the decision of digital spectral and /or 
texture signatures. The following information has been extracted from the 
three satellite images. 
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4.3.4.3 Image classification  
The overall objective of image classification procedure is to categorize all 
pixels in an image into land covers classes or themes. Usually each pixel is 
treated as an individual unit composed of values in several spectral bands. 
Thus, the classification requirement is the multi-spectral data and spectral 
pattern for each pixel as numerical basis for categorization. Remote sensing 
image data may be classified either supervised classification or unsupervised 
classification.  
The present study used supervised classification with combination of three 
bands (3, 4, and 5),the selection of these bands because it gives a high 
degree of clarity and supervised selected training samples, respectively, for 
the specific land cover classes, in addition to the NDVI channel which 
calculated from these individual measurements as follows: 
(NIR - VIS) / (NIR + VIS), where VIS and NIR stand for the spectral 
reflectance measurements acquired in the visible (red) and near-infrared 
regions, respectively (Crippen, R.E, 1990). Pixels of these training samples 
provide spectral characteristic for the following supervised classification of 
the whole image. The classification provides numerical interpretation key 
that describes the spectral attributes for each feature in the study area. The 
spectral qualities of pixels in data set are then numerically compared to each 
category and labeled with name of land cover. Accordingly, land cover 
classified to five classes, characterizes the vegetation cover related to 
different soil types in the study area. The classes include non-vegetated and 
vegetated cover. 
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4.4 Change detection analysis 
There are many well developed techniques for land cover change detection 
using the digital remotely sensed imagery. The nature of digital data allows 
greater comparison. 
Change detection analysis approaches can be broadly divided into either post 
classification change methods or pre-classification spectral. In this study the 
two approaches of change detection were applied. Firstly before applying 
any of these methods, the images from two dates were compared visually on 
screen and spectral signatures were selected respectively. 
Various color band combination and spectral enhancement methods were 
applied to highlight land cover types of interest. The function available in 
soft ware ERDAS provides a possibility of this visual analysis. 
4.5 The post-classification comparison 
Post classification comparison is a simple way of discriminating changes 
between two dates of imagery. It is a common application in land cover 
change analysis to use bi-temporal imageries of the same region of interest.  
After classifying two images by visual interpretation, masked images have 
been formed. The capability of soft-ware ERDAS permits the cross 
classification of the two images. The new image in which change was 
depicted an un-changed pixels have been created. The output is presented 
within the cross tabulation matrix that explains the distribution of images 
pixels between the classes. 
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Regarding this matrix, the X-axis displayed the classes of year 1989 while in 
the Y-axis, the same of year 2007, were presented. The pixels corresponding 
to stable areas appeared in the diagonal entries of the matrix; off-diagonal 
points of the matrix indicate areas that have changed to anther land cover 
class.  Results are provided in maps and matrix to provide for comparison of 
changes between different times.          
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Chapter Five 
Results and Discussion 
5.1 Forest Cover Change  
The forest area of Alazazza forest reserve constituted the study area. Remote 
sensing results facilitated area survey and forest cover classification. From 
remote sensing image mapping, the area calculated and found to 
approximate 4806.09 hectares covered with mixed indigenous species in 
variable species composition and densities. On the basis of forest cover and 
ground survey analysis, the forest area was classified in five forest cover 
categories based on species composition, stocking densities and extent of 
cover.  Because of its importance and extent of dominance, Acacia seyal 
(talih) has been assigned a class on its own to represent forests of pure 
stands or mainly dominated by this species. The other two forest cover 
categories are basically a mixture of indigenous species where Acacia seyal 
is one of them. These two categories are; high density mixed forests and low 
density mixed forests. The two last categories are composed of land use 
types that have the forest cover being degraded either through forest fire or 
direct felling. The forest fire land category was assigned “burned land” 
which is in fact scattered trees. The forest cover lost as a result of direct 
clearance and felling was defined as bare areas. 
5.1.1 Remote sensing Images  
Figures 5.1, 5.2 and 5.3 illustrate forest cover changes for the period 1989 – 
2007 for the five forest land categories. 
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5.1.2 Forest Category   
Visual inspection of Figures (5.1 – 5.3) indicates that there was no clear 
change of the distribution of Acacia seyal stands over the forest area of 
Alazazza Forest Reserve. The Acacia seyal stands constituted patches of 
unorganized distribution all over the area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Classified image 1989 for Alazazza forest area 
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However, a state of dynamic change in positioning of the forest patches of 
Acacia seyal forest category is clear. Each patch has clearly increased in area 
forming larger units in the remote sensing image figure (5.2) than in the 
remote sensing image figure (5.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2. Classified image 1999 for Alazazza forest area 
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The remote sensing image figure 5.3 indicates different developmental 
stages in the area and distribution of Acacia seyal forest category. A clear 
change from narrow strips of forest patches of Acacia seyal, distributed over 
the Forest Reserve, to larger areas distributed over most of the western half 
of Alazazza Forest Reserve and part of the stands distributed over the north 
east side of the forest. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3. Classified image 2007 for Alazazza forest area 
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The results shown in figure 5.4 are compatible with the visual illustration 
provided by Figure (5.1 – 5.3) with respect to the changes of forest cover of 
the Acacia seyal stands. While there was a limited change in forest area of 
Acacia seyal stands during the period 1989 - 1999, there was a marked 
increase in the area of Acacia seyal during the period 1999 – 2007. 
 
Figure 5.4 Histogram illustrations of the land cover change classes in the 
study area during 1989, 1999 and 2007 for the five categories.   
 
Table (5.1) provides illustration of the dynamic changes of forest cover in 
numerical values. Table (5.1) shows that the forest area of Acacia seyal 
stands slightly decreased as between 1989 – 1999. However, the Acacia 
seyal stands area increased by 512 hectares as between 1999 – 2007 
representing an increase in forest area of Acacia seyal stands by nearly 50%. 
The total area of all the three forest categories indicated an increase of 4.7% 
during 1989 - 1999 and indicated an increase of 17.2% during 1989 - 2007. 
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Table 5.1 Classification of TM 1989, TM 1999 and TM 2007 land cover 
change in the study area by (ha).      
                                                                       
 
The changes in forest cover during the period 1999 - 2007 in relation to the 
Acacia seyal stands might not be a chance factor but most probably a result 
of stand development and management plans. This aspect will clearly be 
indicated on discussions connected to other categories particularly bare land 
and burned land category. From visual inspection of Figures 5.1, 5.2 and 5.3 
it is clear that the expanding areas of Acacia seyal stands during 1999 – 
Classes 1989 Total 1999 Total 2007 Total 
Acacia 
seyal 1021.41  1013.85  1528.20  
Mixed 
trees 
high 
density 
1225.35  1217.97  1223.28  
Mixed 
trees low 
density 
1248.12  1427.22  1343.70  
Subtotal 
forest 
area 
hectares 
 3494.88  3659.02  4095.18 
Burning 
land 682.65  606.51  334.08  
 
Bare land 
 
628.56  540.54  376.83  
 
  1311.21  1147.07  710.91 
Total   4806.09  
 
4806.09  
 
4806.09 
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2007 are occupying the areas which, during the period 1989 - 1999 were 
either low density mixed trees, bare lands or burned areas particularly in the 
southern part of the western half of Alazazza Forest Reserve south of 
latitude 31 10 188o N and west of longitude 66 36 22o E. 
The forest category high density showed limited change in area as between 
1989 – 2007. However, the forest category low density on the other hand 
showed an increase of 7.6 % between 1989 t0 2007. 
Table (5.2) provides a matrix for the dynamic changes of forest cover 
categories during the period 1999 – 2007. The area of the Acacia seyal 
stands decreased from an area of 1013.85 hectares in 1999 to an area of 
403.02 hectares by 2007 losing 610.83 hectares during the period 1999 – 
2007 equivalent to 60.24%. Acacia seyal is an important component of the 
forest reserve where such a loss is dangerous. However, the dynamic 
changes continued as a process that resulted in forest area gained by the 
Acacia seyal stands during 1999 – 2007 to increase the forest area of the 
Acacia seyal stands from 403.02 hectares to 1528.20 hectares resulting in an 
increase of forest area of Acacia seyal stands by 1125.18 hectares of stands 
regenerated naturally or artificially during 1999 – 2007 (Table 5.2). The net 
increase related to the Acacia seyal stands area of 1989 is equivalent 49.67 
%. This increase of Acacia seyal stand area is also important for the forest 
where this species represents the dominant species. 
Table (5.2) shows that although the Acacia seyal stands gained lands from 
other categories, these stands also lost forest areas to other categories. Most 
important is to observe that the Acacia seyal stands are threatened by fire 
and other agents of forest degradation. During 1999 – 2007 these stands lost 
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95.67 hectares as a result of fire and 32.04 hectares changed to bare lands 
(Table 5.2).  
Table 5.2 Vegetation Change Matrix 1999 - 2007. 
 
However, the Acacia seyal stands gained more areas that lost to other 
categories (Table 5.3). The nature through which the increase in Acacia 
seyal area took place should be intensively investigated in order to prepare a 
management system for enhancing the process. Protection against forest 
fires seems to be one factor through which the regeneration could be 
protected. In addition, protection of the regeneration against animals also 
                               
2007 
1999   
Burning 
land 
Acacia 
seyal 
Mixed 
trees 
high 
density 
Mixed 
trees 
low 
density 
Bare 
land Total 
Burning land 92.61 238.14 79.2 186.66 9.9 606.51 
Acacia seyal 95.67 403.02 195.57 287.55 32.04 1013.85 
Mixed trees high 
density 
89.37 431.73 351.54 315.9 29.43 1217.97 
Mixed trees low 
density 
49.05 380.16 441.36 409.68 146.97 1427.22 
 
Bare land 
7.38 75.15 155.61 143.91 158.49 540.54 
 
Total 
334.08 1528.2 1223.28 1343.7 376.83 4806.09 
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seems to be important. Similarly the high and low density categories 
experience dynamic change gaining more forests land than loosing. That 
means there is good management protection resulting in more gain for forest 
land.   
Table 5.3 Vegetation Change Matrix 1989-1999.  
     1999 
                   
1989          
Burning 
land 
Acacia 
seyal 
Mixed 
trees 
high 
density 
Mixed 
trees 
low 
density 
Bare 
land Total 
Burning 
land 
 
122.4 132.48 125.64 161.19 64.8 606.51 
Acacia 
seyal 
 
176.76 278.19 210.78 220.41 127.71 1013.85 
Mixed 
trees 
high 
density 
167.13 265.77 319.86 318.87 146.34 1217.97 
Mixed 
trees 
low 
density 
147.33 239.67 454.68 423.72 161.82 1427.22 
 
Bare 
land 
69.03 105.3 114.39 123.93 127.89 540.54 
 682.65 1021.41 1225.35 1248.12 628.56 4806.09 
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Total 
 
Considering the long period 1989 – 2007, the gain for the stands of Acacia 
seyal was the largest which could be due to some management 
improvements. It is very clear that the forest fire was controlled and the 
burnt forest area was reduced by 51% and the bare land area was decreased 
by 40.0% during 1989 – 2007 (Table 5.4).  
Table 5.4 Vegetation Change Matrix 1989-2007. 
 2007 
1989 
Burning 
land 
Acacia 
seyal 
Mixed 
trees 
high 
density 
Mixed 
trees low 
density 
Bare 
land 
Total 
Burning 
land 
25.38 63.36 56.43 132.12 56.79 334.08 
Acacia 
seyal 222.3 315.63 373.14 411.93 205.2 1528.2 
Mixed 
trees 
high 
density 
271.89 240.03 349.74 250.74 110.88 1223.28 
Mixed 
trees low 
density 
153.45 333.54 368.64 346.95 141.12 1343.7 
Bare 
land 
9.63 68.85 77.4 106.38 114.57 376.83 
 682.65 1021.41 1225.35 1248.12 628.56 4806.09 
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Total 
 
 
5.2 Assessment of land cover change using remote sensing and ground 
inventory  
This part will present the results, according to land cover estimation, land 
cover change and the dynamic of the change obtained from ground inventory 
taken in the year 2007 and from Satellite images (1989, 1999, and 2007) 
interpretation and analysis of Alazazza natural forest reserve. The results 
summarized the area of each class and compared to other classes  
The area categorized into five types of cover classes: Acacia seyal (Talih), 
mixed trees high density, mixed trees low density, bare land, and burnt area. 
Furthermore pixel-by-pixel image comparison and cross–tabulation matrix 
algorithms ERDAS IMAGINE software package were used as post 
classification tools to verify the change process.  The sample plot grid 
classified in the five categories was superimposed on each image of the 
2007, 1999 and 1989. 
Table (5.5) shows that the number of sample plots distributed within the 
Acacia seyal category in the grid map during 2007 were 118 plots and when 
superimposed on the Acacia seyal category defined by the satellite image of 
2007, the sample plot were 93 plots.  However, the distribution of the 
sample plots within the Acacia seyal category shows increasing trend over 
time during the period 1989 to 2007 and that indicates the increasing area of 
the category during this period. 
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On the other hand, the number of sample plots distributed within the area of 
the two categories; the burnt area and the bare land indicated a decreasing 
trend during the period 1989 to 2007 (Table 5.5). The two forest categories; 
mixed trees (high density) and mixed tree (low density) did not exhibit a 
clear trend. The earlier showed a slight increase in number of sample plots 
then a slight decrease while the latter showed a slight decrease and then a 
slight increase in number of sample plots over the period 1989 to 2007.  
All categories follow the same trend of land classification defined by the 
plots as those defined by the land satellite images of 1999 and 1989 (Table 
5.5). 
Table (5.5) Number of sample plots by categories using ground 
inventory (2007) and satellite images (1989, 1999 and 2007)  
  
Figure (5.5) and appendix (5.1) are presentations of the trends of the number 
of sample plots for each of the five categories over the period 1989 to 2007. 
By superimposing the sample plots grid on each of the land satellite 
categorization of land and presenting these in figure (5.5), the results reflect 
Image 
1989
Image 
1999
Image 
2007
Ground 
inventory 2007
Classes
526093118Acacia seyal
51584751Mixed trees high 
density
77677349Mixed trees low density
211957Bare land
3027136Burning
231231231231Total number of sample 
plot
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the change in number of sample plots for each category between the periods 
(1989, 1999, and 2007) and ground assessment which was taken in the year 
2007. The figure indicates the trend of change of the area of each category 
over time. 
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Figure (5.5) Trends in forest cover classes using satellite image, 1989, 1999, 
and 2007 and ground survey 2007. 
Figure (5.6) indicates the trend of sample plots number for each category for 
the three satellite images for the years 1989, 1999 and 2007 together with 
the ground inventory grid of the 2007. The result indicates the compatibility 
between remote sensing images and the ground survey. 
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Figure (5.6) Trends in forest cover classes using ground inventory (2007) 
and image (2007). 
5.3 Forest cover based on ground inventory (2007) and satellite image 
(2007) 
Table (5.6) is indicating a comparison between the land cover by categories 
obtained by using ground inventory (2007) and remote sensing image taken 
(2007) in order to test the compatibility between the two techniques. 
The land area and percent for each of the five categories are similar in the 
order of values taken by ground inventory (2007) and satellite image (2007).  
Acacia seyal species cover represents the highest portion recording 46.8 % 
in the case of ground inventory and recording 40.3% in the case of satellite 
image.  
The category mixed trees (low density) is the second representing 25.5 % in 
the case of ground survey and representing 31.6 in the case of satellite 
image. Mixed trees (high density), bare land and burnt land follow the order 
(Table 5.6). 
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Table (5.6). Area and percentages of categories based on ground inventory 
(2007) and satellite image taken in 2007. 
Classes Total area  
(hectares)  ground 
inventory 
Percent of 
total land 
Total area in 
hectares remote 
sensing 
Percent 
of total 
land 
Acacia seyal 2249.2501 46.8 1936.8542 40.3 
Mixed trees 
low density 
1225.5529 25.5 1518.7244 31.6 
Mixed trees 
high density 
1062.1458 22.1 975.63627 20.3 
Bare land 144.1827 3 105.73398 2.2 
Burnt 124.9583 2.6 269.14104 5.6 
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Table (5.7) Areas of categories in percent of total area of Alazazza forest 
reserve for ground inventory and satellite images (2007, 1999 and 1989) 
Image 1989 

Image 
1999 

Image 
2007 

Ground 
inventory
Classes
22.5 26 40.3 46.8 Acacia seyal
22.1 25.1 20.3 22.1 Mixed trees high 
density
33.3 29 31.6 25.5 Mixed trees low 
density
9.1 8.2 2.2 3 Bare land
13 11.7 5.6 2.6 Burning
100 100 100 100 Total area of the 
forest
 
Total area of 
the forest  
4806.0898 100 4806.09 100 
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For the other categories defined as burnt area and bare land, there has been 
clear reduction in the areas along the periods 1989 to 2007.  The burnt area 
declined from 13.0% to 5.6% and the bare land declined from 9.1% to 2.2% 
of the total area of Alazazza forest reserve respectively. 
 
 
 
 
5.4 Discussion 
5.4.1 Forest Cover change 
From the satellite image, which was taken in the year 1989, the area of 
Acacia seyal stand was 1081.4 ha equivalent to (22.5 %) of the study area, 
while in image of 1999 the area of Acacia seyal (Talih) stand increased to 
1249.6 ha equivalent to (26 %) of the study area, and from the image of the 
year 2007, increased to 1936.9 ha equivalent to (40.3 %) of the study area. 
In the ground inventory which was taken in the year 2007, the area of Acacia 
seyal (Talih) stand was 2249.3 ha equivalent to 46.8 % of the study area. 
These comparisons are also indicated in tables (5.6, 5.7 and figure 5.5). 
These results revealed that there was a clear and progressive increase in the 
forest area of the category of Acacia seyal species (Talih) in Alazazza 
natural forest reserve, where the Acacia seyal stand area increased from 22.5 
% in the year 1989 to 40.3% according to the satellite image taken 2007 or 
to 46.8 % according to the ground assessment taken in the year 2007. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϳϱ 
Accordingly the change is reflected in an increase of forest area of this 
category by almost 24.3 % of the area taken for study. 
As for the mixed trees categories with (high density), there is not stable 
difference in the class area between the three periods (1989, 1999, and 2007) 
as well as the ground inventory, in the study area as shown by tables (5.1 
and 5.7) and figure (5.5).  
In relation to mixed trees (low density) category, the class experienced 
limited change but in decreasing trend as from the year 1989 to 2007. The 
area was about 1600.43 ha in 1989, decreased in 1999 to 1393.8 ha, equal 
to 29 % of the study area and in 2007 the area of this category was 1518.8 
ha, (Table 5.1 and 5.7 and Figures 5.5). 
The results revealed that the change in the area for the two categories with 
(high and low density) was very limited over time and may not be 
significant. 
The results revealed that the change in the area for the two categories Burnt 
area and bare land was very pronounced over the period 1989 to 2007. 
 
5.4.2 Forest Management 
The results indicate the effectiveness of forest management in forest 
protection against unplanned felling and fire hazards. During the past in 
1980s the forest was used for fuel wood production while there was no clear 
plan for a sustainable management system. Forest blocks cleared for fire 
wood and building poles production were not replaced by planting or fenced 
for protection of natural regeneration. That could justify the presence of an 
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area of bare land equivalent to 437.4 hectare equal to 9.1% of Alazazza 
natural forest reserve area of 4806.1 hectares.  
In the same manner, the forest was not protected against fire hazards during 
the 1980s, a situation that resulted in burning of forest land showing an area 
of 624.8 hectares equivalent to 13.0% of the forest reserve area. 
With increasing concern about forest protection and management, the area of 
bare land was reduced and the area of burnt forest was also reduced reaching 
2.2% and 5.6% for the bare land and the burnt area respectively by 2007. 
Corresponding to reduced areas of bare and burnt forest areas, forest cover 
in Alazazza natural forest reserve has progressively increased with respect to 
the three categories of Acacia seyal forest area, the scattered trees (high 
density) and scattered trees (low density) which collectively increased from 
(3494.88 hectares) equivalent to 77.9% in 1989 to (4095.18 hectares) 
equivalent to 92.2% of Alazazza natural forest reserve in 2007.  
Acacia seyal category indicated pronounced and continuous increase for the 
period (1989 - 2007) increasing from 22.5% to 40.3% based on remote 
sensing image analysis. This pronounced increase in area of Acacia seyal is 
due to the planting program executed on bare areas. The limited increase in 
the scattered trees categories is because of the protection exercised in 
relation to the forest management. 
However, in spite of the concern about forest protection, as one tool in the 
management system, Alazazza natural forest reserve has not been put under 
a sustainable system of management based on management plan preparation. 
The management practiced is ad hoc program in which felling and planting 
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are based on annual felling program associated with planting of Acacia 
seyal. 
Timely and accurate change detection of earth surface features is extremely 
important for understanding relationships and interactions between human 
and natural phenomena in order to promote the better decision making. 
Combination of remote sensing data and ground survey using GPS are 
primary sources extensively used for change detection in recent decades 
(Daak 2007). Ground inventory and remote sensing data are compatible and 
capable of providing results of reliable application (Elbagir 2010). Table 
(5.5); table (5.6), table (5.7) and figure (5.6) indicate clearly the 
compatibility between ground inventory and remote sensing images for land 
survey and classification. 
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Chapter Six 
Conclusions and Recommendations 
6.1 Conclusions  
?  The study aimed to assess and evaluate the land cover of Alazazza natural 
forest reserve for the period 1989, 1999 and 2007, using satellite images and 
ground inventory. The study covered an area of 4608.09 ha. 
?  The Acacia seyal (Talih) area in Alazazza forest increased from 1081.4 ha 
in 1989 to 1249.6 ha in 1999 and 1936.9 ha in 2007 .The general trend of 
Acacia seyal (Talih) area is increased from 22.5 % in 1989 to 26 % in 1999 
to 40.3 % in 2007 and according to the ground inventory 2007 to 46.8 % . 
?  The study found that the area of high density species was not stable; it’s 
changing from 22.1 % in 1989 to 25.1 % in 1999 to 20.3 % in 2007 and it 
was 22.1 % in the ground inventory that obtained in 2007. It’s affected by 
many causes such as over grazing, illegal cutting. 
?  There was some decrease in the area of mixed trees with low density, from 
1600.4 ha (33.3%) in 1989 to 1393.8 ha (29%) in 1999 and increased to 
1518.7 ha (31.6%) in 2007. 
?  As for the mixed trees categories with (high density), there is no marked 
difference in class area between three periods (1989, 1999 and 2007) as well 
as the ground inventory, in the study area. 
? The change in the area for the two categories with (high and low density) 
was very limited over time and may not be significant. 
? The change in the area for the tow categories (burnt area and bare land) 
was very pronounced over the period 1989 to 2007. 
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?  Combination of remote sensing data and ground survey using GPS are 
primary sources extensively used for change detection in recent decates.  
?  Ground inventory and remote sensing data are compatible and capable of 
providing results of reliable application.  
? During the early time of 1989s the forest was used for fuel wood 
production, while there was no clear plan for a sustainable management 
system. 
?  Forest blocks cleared for fire wood and building poles production were not 
replaced by planting or fenced for protection of natural regeneration. That 
could justify the presence of an area of bare land equivalent to 437.4 hectare 
equal to 9.1% of total forest area that estimated to be 4806.1 hectares. 
6.2 Recommendations  
?  Alazazza natural forest reserve needs urgent management system for 
maintaining the trees diversity (specially the broad leaves) and to avoid the 
stage of pure stand.  
? Considerations should be given to planting broad –leaved species in order 
to create balance within the forest to maintain the diversity of the trees.  
?  Continuous forest inventory by permanent sample plots combined with 
satellite images are recommended as effective methods in forest resource 
assessment. 
?  The natural forests of the Sudan, in general, and natural forest reserves in 
particular are in a state of continuous change as a result of mismanagement 
and low input of investment in forest protection and development. 
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Editorial 
 
In the Name of Allah, the Most Beneficient, the Most Merciful ͼ Have 
they not then observed the sky above them, how we have constructed it 
and beautified it, and how there are no rifts therein? ٍ  And the earth have 
we spread out, and have flung firm hills therein, and have caused of every 
lovely kind to grow thereon, ٍ  A vision and a reminder for every penitent 
slave. ٍ And we send down from the sky blessed water whereby we give 
growth unto gardens and the grain of crops, ٍ  And lofty date palms with 
ranged clusters, ٍ  Provision (made) for men; and therewith we quicken a 
dead land. Even so will be the resurrection of the dead.  
Allah the Most Faithful 
 
(6 – 11. Qaf) 
The Holy Quran 
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 Detection and Monitoring of Alazazza Natural Forest Reserve Cover 
Changes Using Ground Inventory, Remote Sensing and GIS 
Techniques 
Faisal Ahmed Yassain Abdallah 
 
Abstract: This study was carried out at Alazazza Forest Reserve in 
Eldamazin Area, Blue Nile State, to assess the forest cover changes as a 
result of management application and protection activities. The collected 
data were based on remote sensing images for the years 1989, 1999 and 
2007 in addition to ground inventory based on line plot sampling 
procedure. Analyses were carried out using several programs 
corresponding to the type of information. The satellite images analyses 
were developed using ERDAS program to illustrate the forest cover 
changes that occurred over the specified period and to develop categories 
of land use types and their dynamic changes. The ground inventory was 
conducted in 2007 and used to assess the extent of compatibility between 
the two systems of surveys. The results showed that forest categories area 
was increasing over the period of the study 1989 – 2007 as a result of 
management and protection. The forest area of Acacia seyal indicated 
more development and increase in cover than the other two forest 
categories of high density and scattered trees. The bare lands and burnt 
areas decreased in area progressively over the specified period. The impact 
of intensive protection and management adopted over the last decade was 
reflected in increasing forest cover particularly the category Acacia seyal 
and also reflected in decreasing areas of gaps caused by fire or felling.  
The results indicated that the dynamic changes in forest cover occurred 
over the whole forest. Sound management and monitoring of the forest 
cover can be verified by successive remote sensing images and intensive 
ground inventory. That has been demonstrated by the compatibility 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 between the two systems of satellite images and ground inventory. 
Application of the latter two methods gave compatible results. The study 
recommended that the forest should be managed by effective management 
approach based on management plans and successive inventories using 
remote sensing applications and ground survey in order to attain 
sustainable development and conservation of the forest. Also, the study 
recommended development of a strategy to protect the forest from fire 
outbreaks. 
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ήμΤϟ΍ϭΪόΑϦϋέΎόθΘγϻ΍ϡ΍ΪΨΘγΎΑϰϟΎΘϤϟ΍ήμΤϟ΍ήΒϋΎϫΪϴϛ΄ΗϦϜϤϳϱήΠθϟ΍˯Ύτϐϟ΍ήϴϐΘϟΔόΑΎΘϤϟ΍
ϒΜϜϤϟ΍ϰοέϷ΍ϦϴϣΎψϨϟ΍Ξ΋ΎΘϧΏέΎϘΗήΒϋϚϟΫϥΎϴΑϢΗΪϗϭέΎόθΘγϻ΍ήΒϋϭϰοέϷ΍ήμΤϟ΍Ϟ΋ΎγϭϦϣ
ΪόΑϦϋΪόΑϦϋέΎόθΘγϻ΍ήΒϋϭϰοέϷ΍΢δϤϟ΍Ξ΋ΎΘϧΖϘΑΎτΗΪϗϭΔτΧϊοϮΑΔγ΍έΪϟ΍Ζλϭ΃Ϛϟάϟ
ΔϴϤϨΘϟ΍ϖϴϘΤΗϰϨδΘϳϰΘΣΪόΑϦϋέΎόθΘγϻ΍ϡ΍ΪΨΘγ΍ϭϰϟΎΘϤϟ΍ήμΤϟ΍ϰϠϋ˱΍ΩΎϤΘϋ΍ΔϟΎόϓΓέ΍ΩϹ
ΕΎΑΎϐϟ΍ϲϠϋυΎϔΤϟ΍ϭΔϣ΍ΪΘδϤϟ΍λϭ΃ΎϤϛϖ΋΍ήΤϟ΍ϦϣΕΎΑΎϐϟ΍ΔϳΎϤΤϟΔϴΠϴΗ΍ήΘγ·ϊοϮΑΔγ΍έΪϟ΍Ζ. 
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